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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to the coating of optical wave guide fibers with materials that are applied as
liquids and are thereafter cured to form solid protective organic coatings on the fibers. More particularly, the invention
relates to an improved apparatus and method wherein the number of inclusions in the organic coating material, par-
ticularly inclusions comprising particles, is reduced in order to improve the quality and integrity of the protective coating
as cured, and thus the properties of the end product.
[0002] The application of organic coatings in liquid form to optical wave guide fibers for the purpose of protecting the
glass fibers from damage is well known. A typical wave guide fiber as currently produced consists of a silica-based
glass thread covered with two layers of protective acrylate coating. The glass thread acts as the wave guide and
provides the vast majority of tensile strength to the fiber. The acrylate coating serves to protect the glass from damage
by abrasion and/or external stresses both during the manufacturing process and in the field. In order to prevent damage
during the manufacturing process, the coating is applied immediately after the glass fiber is drawn and prior to contact
between the fiber and any other surface. Optical fibers are being drawn at ever increasing speeds, and the apparatus
for applying protective coatings must be capable of providing a high quality coating at those greater fiber draw speeds.
[0003] One problem that has been encountered in the high speed coating of glass fibers is the introduction of inclu-
sions such as particles in the polymer coating. Inclusions adversely affect the performance cf the optical wave guide
fibers by creating a degradation of the mechanical properties of the coating.
[0004] For example, widely differing thermal expansion characteristics of the glass fiber arid the coating become
problematic in the presence of inclusions in the coating. Simple uniform stresses from tension and compression re-
sulting from the uniform thermal expansion and contraction of the fiber and the coating do not severely affect the light-
transmitting and strength characteristics of the wave guide fibers. However, uneven expansion or contraction due to
inclusions in the coating causes concentrated bending stresses in both the coating and the glass fiber. Those stresses
adversely affect both the light-conducting properties and the strength properties of the wave guide fiber in extreme
temperature conditions.
[0005] In the case of particulate contamination of the coating layers, the more important problem is the potential for
the particles to contact the glass fiber and initiate a flaw that could break instantly or grow to the point of failure on
further handling. Contaminating particles are often silica-based and have sufficient hardness to easily scratch or pen-
etrate the glass fiber. Failure analyses of wave guide fibers exhibit evidence of particles imbedded in the primary coating
adjacent to the glass surface. A particle so positioned could initiate surface flaws in the glass during normal bending
associated with processing steps such as spooling, or during installation of the fiber.
[0006] In a typical fiber coating process, the glass fiber is directed to a coating die assembly immediately after forming.
The assembly includes a guide die, a reservoir for liquid coating material and a sizing die. The glass fiber passes
through each of these ccmponents in succession. The liquid coating material adheres to the fiber and forms a coating
that is later cured.
[0007] Several improvements to this process have been directed toward the reduction or elimination of bubbles in
the coating. For example, a process fluid such as carbon dioxide, that is soluble in the liquid coating material, may be
used to displace air entrained in a boundary layer on the surface of the optical fiber before the fiber passes through
the reservoir containing the liquid coating material. The process fluid travels with the fiber into the liquid coating material
and dissolves into the material rather than forming bubbles as would air.
[0008] Such a process is described in U.S. Patent No. 4,792,347, assigned to the same assignee as the present
application, and which is hereby incorporated by reference in its entirety herein. In that system, a conditioning unit is
positioned around the incoming fiber for providing a countercurrent gas flow for displacing the entrained air on the
optical fiber. An inner cylindrical sleeve of the conditioning unit has multiple gas flow orifices that direct the counter-
current gas flow onto the fiber.
[0009] A process fluid has also been directed through slots in a cooling means to form flows that are directed toward
the fiber, as disclosed in U.S. Patent Application Serial No. 08/409,231, which is assigned to the same assignee as
the present application. In that device, helium is used to cool the fiber and to displace or strip air from the fiber at very
high draw speeds. The excess helium and any entrained air stripped from the fiber is exhausted through a port in a
direction away from the fiber.
[0010] While the displacement of entrained air with soluble process fluid has produced acceptable results in the
reduction of bubbles in the fiber coating, other improvements in the process have also been attempted. In United States
Patent No. 5,127,361, the geometries of the guide die and the sizing die are adjusted in order to reduce the number
of bubbles formed in the coating at high draw speeds. In that apparatus, the size of the gap between the guide die and
the sizing die is adjusted in combination with a taper of the hole in the sizing die to improve the coating process.
[0011] Another existing die assembly introduces a process fluid into a cylindrical chamber surrounding the portion
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of the fiber traveling into the guice die. The chamber vents to atmosphere at an open end opposite the guide die, and
has a diameter of approximately 13mm (0.500 inches). The process fluid is introduced through one or more passage-
ways leading to the chamber near the guide die. The process fluid is allowed to flow cut the open end of the chamber
in a direction opposite the direction of travel of the fiber.
[0012] While the foregoing systems have been somewhat effective in reducing defects in liquid applied coatings,
further improvement would be desirable. Current processes used for coating wave guide fibers do not effectively elim-
inate particulate contamination of the liquid coatings.

SUMMARY OF THE INVENTION

[0013] The present invention provides a method as set forth in claim 1 below and, apparatus as set forth in claim 14
below, for applying a coating with reduced contamination to an optical fiber. The method of the invention comprises
passing the optical fiber into a reservoir containing a coating liquid, and then passing the fiber through and out of the
reservoir so that a coating of the liquid adheres to the fiber. A flow of a process fluid is applied on the incoming fiber
passing into the reservoir so that the fluid flows along the incoming fiber in a direction opposite to the direction of
movement of the fiber.
[0014] The flow of process fluid has a maximum velocity of at least 1.5 meters per second near the fiber. Still higher
velocities, at least about 14 meters/sec, more preferably at least about 27 meters/sec and most preferably at least
about 35 meters/sec are even more effective. As further discussed below, two measures of fluid velocity can be utilized.
The true "measured" velocity means the actual fluid velocity immediately outside a boundary layer surrounding the
fiber. The "measured" velocity is measured using an instrument capable of detecting fluid velocity at individual points
within the fluid flow. The "theoretical" maximum fluid velocity is the maximum fluid velocity within a velocity profile
predicted from certain parameters of the system, such as pressure and orifice sizes, using equations and simplifying
assumptions discussed below. The jet of process fluid applied on the incoming fiber prevents particles from entering
the coating fluid reservoir.
[0015] In the fiber drawing environment, the most difficult particles to repel are those which are entrained on the
fiber, or in a boundary layer of air around the fiber, and which move towards the reservoir at the fiber velocity. Most
preferably, the fluid stream is capable of repelling particles having the maximum density and size expected in a fiber
draw environment, and having a velocity in the direction of fiber movement into the reservoir (the "fiber movement
direction") comparable to the velocity of the fiber itself. As further discussed below, the work done by a process fluid
stream on a particle to decelerate the particle increases with the velocity of the fluid stream, and can be calculated
based upon parameters of the system such as flow rate, orifice size, particle size and particle density. If the work done
in deceleration is equal to or greater than the kinetic energy of the particle moving along with the fiber at the fiber
velocity, the particle will be repelled. Preferably, the parameters of the process fluid stream are selected so that for
particles of the maximum expected density and size that pose a practical problem in the fiber drawing environment--
typically about 50 microns diameter and density about that of silica, 2.1 gm/cm3 -- the threshold velocity or maximum
velocity of a particle which can be stopped, is greater than or equal to the velocity of the fiber moving towards the
reservoir. Stated another way, the process fluid stream should be capable of stopping a particle of the maximum ex-
pected size and density traveling at the speed of the fiber. The invention therefore greatly reduces particulate contam-
ination of the coating liquid under typical manufacturing conditions. By contrast, although it is now believed that prior
arrangements having process fluid flow around the incoming optical fiber may have incidentally stopped some light,
slow-moving particles from the coating liquid reservoir, those configurations were not effective in preventing larger or
faster-moving particles from contaminating the coating.
[0016] Preferably, the step of passing the optical fiber into the reservoir is performed by passing the optical fiber
through a chamber inlet port into a chamber and passing the fiber from the chamber into the reservoir containing the
coating liquid, and then through the reservoir. to a fiber outlet. The step of applying a process fluid desirably includes
the step of pressurizing the chamber with the process fluid. The process fluid is vented away from the reservoir and
through the chamber inlet port so that the fluid flows along the incoming optical fiber in a direction opposite the direction
of the movement of the fiber. The process fluid stream as discussed above is directed out of the chamber inlet port, in
the direction opposite to the fiber movement direction, and desirably stops particles before the particles enter the
chamber inlet port. The step of venting the fluid may further include the step of maintaining the process fluid flow within
at least a portion of the chamber in a direction opposite the fiber movement direction, so that the process fluid has a
maximum velocity of at least 1.5 meters per second within the chamber near the fiber, throughout. Within the chamber
as well, still higher maximum velocities as set forth above are preferred. The high-velocity flow within the chamber aids
in stopping particles which are carried past the inlet orifice. The high-velocity flow within the chamber preferably is
maintained over a substantial length of the chamber in the fiber movement direction.
[0017] Preferably, the chamber has a relatively small minimum diameter so that the desired high velocities can be
provided in the stream of fluid issuing from the fiber inlet orifice even with relatively low mass flow rates of the process
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fluid. Thus, the process fluid may be vented at a rate of less than 10 standard liters per ninute, more preferably less
than 6 standard liters per minute. The process fluid may be air or another gas such as helium, carbon dioxide or another
which inhibits bubble formation.
[0018] In another aspect of the invention, an apparatus for applying a coating to an optical fiber is provided. The
apparatus comprises a die holder having a inlet end and an outlet end, a sizing die adjacent to the outlet end, defining
a sizing die orifice, and a guide die disposed between the sizing die and the inlet end of the die holder, defining a guide
die orifice. The guide die orifice and the sizing die orifice are generally coaxial with the fiber axis. The outlet and guide
dies and the die holder define a liquid reservoir between the outlet and guide dies for containing a coating liquid. The
apparatus includes means defining a chamber surrounding the fiber axis and extending from between the guide die
and the inlet end of the die holder. The chamber has a minimum diameter of less than about 4.6 mm (0.180 inches),
desirably less than about 3.8 mm (0.150 inches), at a location along the fiber axis, and preferably has a diameter of
less than about 5 mm (0.200 inches) for a length of at least 10 mm (0.400 inches), and has a process fluid port com-
municating with the chamber. A fiber can be moved along the fiber axis through the chamber and through the reservoir.
A process fluid may be admitted to the chamber and passed from the chamber away from the liquid reservoir around
the fiber.

DESCRIPTION OF THE DRAWINGS

[0019]

FIG. 1 is a cross sectional view of a die holder assembly according to the one embodiment of the invention through
line I-I of FIG. 2;
FIG. 2 is another cross sectional view of the die holder assembly of FIG. 1 through line II-II of FIG. 1;
FIG. 3 is a schematic view of the coating apparatus of FIGS. 1-2 together with a fiber during a coating method in
accordance with an embodiment of the invention;
FIG. 4 is a schematic view of the guide and sizing dies of FIGS. 1-3 together with a wave guide fiber and a liquid
coating material;
FIG. 5 is a chart comparing the stopping distances of particles having several initial velocities in various process
fluid jet velocities; and
FIG. 6 is a chart showing the theoretical velocity profiles within the chamber for several chamber diameters.
FIG. 7 is a cross-sectional view of a die holder assembly according to a further embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0020] Referring now to FIG. 1, there is shown a die holder assembly designated generally by the numeral 10 which
is used to coat a wave guide fiber, passing along a fiber axis 112 from top to bottom through the center of the assembly,
with a coating material. The die holder assembly 10 generally comprises a sizing die holder 20 in which is mounted a
sizing die 21, a guide die holder 50 in which is mounted a guide die 51, and a die cap 70.
[0021] The sizing die holder 20 is a generally cylindrical member having a central bore 25 for receiving the guide die
holder. The bore 25 has a substantially flat floor 33. A coating material groove 27 is formed on the outer surface 36 of
the sizing die holder 20 providing a passageway for a coating material. Entry holes 26 are formed within the groove
27, connecting the groove to the central bore 25. The groove 27 and holes 26 are located near the floor 33 of the
central bore 25.
[0022] Sizing die holder 20 has a central die mounting bore 24 extending through the floor 33. The sizing die 21 is
preferably pressed into the bore 24 with a slight interference fit. The sizing die 21 has a central sizing die orifice 22.
An end of the sizing die crifice facing the interior of the sizing die holder 20 may have a lead chamfer or radius 23 to
improve the flow characteristics of the liquid coating. The sizing die orifice 22 surrounds the optical wave guide fiber
(not shown) as it exits the die holder assembly, removing excess liquid coating material to form a uniform diameter
coating on the optical wave guide fiber.
[0023] Between the coating material groove 27 and a top surface 35 of the sizing die holder 20, an outer process
fluid groove 31 is formed in the outer surface 36 of the sizing die holder. Outer process fluid bores 32 communicate
between the groove 31 and the central bore 25 of the sizing die holder. Four outer process fluid bores 32 are shown
formed in the sizing die holder in FIG. 2; however, fewer or more bores may be used.
[0024] Returning to FIG. 1, the guide die holder 50 is a generally cylindrical member having an outer surface 58
sized for a precision slip fit in the central bore 25 of the sizing die holder. The guide die holder 50 has a head 56 that
rests on the top surface 35 of the sizing die holder when the die holders are assembled.
[0025] The bottom surface 54 of the guide die holder forms, in conjunction with the central bore 25 and floor 33 of
the sizing die holder, a reservoir 66 in which liquid coating material is maintained for coating the optical wave guide
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fiber. A guide die 51 is preferably pressed into a bore in the bottom surface 54 of the guide die holder 50 with a slight
interference fit. The guide die 51 has a central guide die orifice 60 and a lead-in chamfer or radius 52 on the side facing
away from the reservoir 66. Position tolerances of the guide die, the guide die holder, the sizing die, and the sizing die
holder are maintained in order to assure that the guide die orifice 60 and the sizing die orifice 22 are substantially coaxial.
[0026] A central bore or chamber 53 extends from the guide die 51 along a fiber axis 112 of the guide die holder 50,
terminating at the end of the guide die holder 50 opposite the guide die 51. A lead-in chamfer or radius 57 may be
formed on the end of the guide die holder 50 to facilitate threading the optical wave guide fiber into the chamber 53 at
start-up.
[0027] The guide die holder 50 has an inner process fluid groove 54a on its outer surface 58 aligned with the outer
process fluid bores 32 in the sizing die holder 20. Inner process fluid bores 55 are formed in the guide die holder,
connecting the inner process fluid groove 54a with the chamber 53. While four inner process fluid bores 55 are shown
in FIG. 2, more or fewer may be used. As shown in FIG. 2, the guide die holder and sizing die holder are assembled
with a rotational orientation such that the inner and outer process fluid bores are not aligned. That misalignment pro-
motes an even flow of process fluid into the chamber 53. For clarity of illustration, bores 55 are depicted in FIG. 1 in
a position rotated 45 degrees to the position depicted in FIG. 2.
[0028] The die cap 70 captures the head 56 of the guide die holder 50 between an inner shoulder 72 of the die cap
70 and the top surface 35 of the sizing die holder 20. A central bore 73 of die cap 70 is aligned with the chamber 53,
the guide die orifice 60 and the sizing die orifice 22, such that all of these elements are coaxial with the fiber axis 112.
In the embodiment shown in FIG. 1, the central bore 73 of the die cap is slightly smaller than the diameter of the
chamber 53, in order to avoid creating a shoulder that would interfere with the threading of the fiber during initial startup.
The central tore 73 serves as an extension of the chamber 53. Thus, the central bore 73 defines the minimum diameter
of the chamber 53.
[0029] The die holder assembly 10 is mounted in a manifold 100 as shown in FIG. 3. The manifold 100 has an inlet
port 102 communicating with the liquid coating material groove 27 of the sizing die holder 20. The port 102 is connected
to a coating material source 107, through a temperature maintaining means such as heater 106, through a pressure
regulating means 105 and into the coating material port 102. Thus, a liquid coating material from source 107 may be
supplied to the reservoir 66 such that the temperature and pressure of the coating material in the reservoir may be
precisely maintained.
[0030] The manifold 100 also has a process fluid inlet 101 communicating with the outer process fluid groove 31 in
the sizing die holder 20. A process fluid source 104 is connected through a pressure regulator 103 to the process fluid
inlet 101. The process fluid from the source 104 can enter the outer fluid groove 31 (FIG. 2), pass through the outer
process bores 32 into the inner process fluid groove 54a in the guide die holder 50. The process fluid can then pass
from groove 54a into the inner process fluid bores 55, traveling rapidly through them into the chamber 53.
[0031] In a process according to one embodiment of the invention, an optical wave guide fiber 111 advances along
the fiber axis 112 through the die holder assembly 10 in the direction of arrow 110, shown in FIG. 3. A liquid coating
material is maintained in the reservoir 66 to adhere to the fiber 111 as it is pulled through sizing die 21 by conventional
pulling equipment (not shown). The die 21 removes excess coating material to form the coated wave guide fiber 113,
as shown in FIG. 4.
[0032] As best shown in FIG. 4, a meniscus 114 is formed in the liquid coating material within the reservoir 66 between
the guide die 51 and the advancing optical wave guide fiber 111. The size and shape of that meniscus 114 is affected
by the temperature and pressure of the liquid coating material entering the reservoir 66, as well as by the size of the
guide die orifice 60.
[0033] The preferred liquid coating material is a UV curable epoxy or urethane acrylate. Carbon dioxide is the pre-
ferred process fluid for use in this embodiment of the invention because of its low cost and solubility in the liquid coating
material. The process fluid is entrained on the incoming fiber 111 as the fluid exits the inner process fluid bores 55 and
as it travels through the chamber 53, replacing all or most of the air boundary layer on the approaching optical fiber.
It is believed that such replacement reduces bubbles in the coating of the finished optical fiber because the process
fluid dissolves in the coating material more readily than air, although the present invention is not limited by that theory
of operation.
[0034] Most of the process fluid entering the die holder assembly must exit through the chamber 53 surrounding the
incoming fiber 111, as shown in FIG. 3. By controlling the size and geometry of the chamber 53 and the chamber inlet
port 75, the velocity distribution of the process fluid passing through the chamber 53, and the process fluid jet 150
outside the chamber inlet port 75, may be configured to prevent particles from entering the die holder assembly and
contaminating the liquid coating material. Essentially, a significant flow of fluid in the direction opposite to the fiber
movement direction (upwardly as seen in FIG. 3) is formed within and outside the chamber to blow away particles
which drift in from the surroundings or are entrained in the fiber boundary layer.
[0035] As shown in FIG. 3, an axisymmetric jet, indicated generally by numeral 150, is formed above the chamber
inlet port 75 by the exiting process fluid. The jet 150 has overall flow in a direction opposite the direction 110 of the
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fiber movement direction. The velocity profiles 151, 152, 153 of the process fluid jet 150 as it exits the chamber inlet
port 75 have maximum velocities near their centers, where the incoming fiber 111 is located. That high velocity serves
to counteract the momentum of the air flow entrained by the fiber, preventing particles trapped in the fiber boundary
layer from entering the die holder assembly 10. Further, a high speed pipe flow profile within the chamber 53 purges
the chamber of particles within the die holder assembly.
[0036] It should be appreciated that the velocity profiles 151, 152, 153 are theoretical constructions based on the
assumption that flow follows the theoretical flow pattern for a "free jet," i.e., a jet exiting from a port 75 into a surrounding
medium (air) without other solid constraints. The velocity profiles shown do not reflect the influence of the fiber.
[0037] By evaluating the equations governing flow within the chamber 53 and within the jet 150 outside the chamber
inlet port 75, it is possible to calculate the maximum velocity of the process fluid flow, the maximum inbound particle
velocity which will stop at the chamber inlet port, and the amount of work done on a given particle by the jet 150, as
the particle travels toward the chamber inlet port. Using these parameters, the performance of a given die holder
assembly geometry may be predicted.
[0038] First, by determining the equilibrium condition wherein the weight of the particle equals the upward drag force
created by the process fluid, a flow velocity necessary to prevent a given particle from drifting into the die holder
assembly may be determined. A 50 micron diameter spherical silicon oxide particle is assumed, 50 microns being the
diameter of the largest particle found embedded in a fiber coating in studies of current processes. The weight of the
particle is:

wherein the spherical radius R of the particle is 25 microns and the density ρpart is 2100 kg/m3. The drag force on the
particle is determined by first calculating the Reynolds number, Re, and the coefficient of drag, Cd, as a function of
process fluid velocity V:

The kinematic viscosity νgas of the process fluid, assumed to be CO2, is 6·10-6 m2/sec., and its density, ρgas, is 1.5 kg/
m3. The equilibrium condition is described by equating the weight and drag forces:

By using iterative techniques, it is found that the flow velocity of carbon dioxide required to suspend a 50 micron
diameter silica particle is 25.4 cm/sec. The equilibrium velocity gives a rough estimate of the flow necessary to stop a
particle that has no initial downward momentum. Thus, if a 50 micron diameter silica particle were disposed above the
inlet port with no downward motion, a carbon dioxide flow having a velocity of 25.4 cm/sec would hold the particle
suspended in midair.
[0039] In fiber drawing, however, a particle caught in the fiber boundary layer has momentum that must be counter-
acted in order to prevent it from entering the die holder assembly and contaminating the coating. In a typical fiber
drawing process, the fiber advances into the inlet port 75 at a rapid rate, typically greater than 10 meters per second.
Any particles entrained on the fiber or in the boundary layer surrounding the fiber move at approximately the same
rate. Thus, the flow of process fluid through the chamber must create a flow field that does sufficient work on the particle
to reverse its direction. Decay of the jet 150 as it extends outward from the chamber inlet port 75 thus becomes im-
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portant.
[0040] The controlling equations for describing the motion of a particle traveling through the jet 150 and through the
chamber 53 are set forth below. First, the velocity of the flow within the chamber 53, as a function of the radial location
y in the chamber is:

wherein the chamber radius is ro and the volumetric flow rate of process fluid through the chamber 53 is Q. A graphical
depiction of the resulting profile of the flow velocity within the chamber 53 is shown in FIG. 6 for several chamber
diameters or orifice sizes. It can be seen in this chart that for a smaller orifice size, such as 2.5 mm (0.100 inches), the
velocity increases rapidly near the chamber wall as compared to a larger orifice size such as 4.3 mm (0.170 inches),
which has a flatter profile. Thus, particles entering the chamber near the chamber wall are more likely to be repelled
in the case of a smaller orifice size. In addition, the maximum velocity of the process fluid occurs at the centerline of
the chamber, where particles are entrained in the fiber boundary layer. A smaller orifice size results in a higher centerline
velocity. The theoretical maximum pipe velocity at the centerline of the pipe flow profile within the chamber is:

As used in this disclosure, the term "theoretical maximum pipe velocity" should be understood as referring to the
theoretical maximum velocity at the centerline, and at the smallest diameter portion of the chamber through which the
process fluid is discharged calculated according to equation (1). Unless otherwise indicated, the term "theoretical
maximum velocity" as used herein is the theoretical maximum pipe velocity. Again, in the embodiment of FIG. 1, the
chamber inlet port 75 defines the smallest-diameter portion of the chamber. That diameter determines the effectiveness
of the chamber 53 in repelling particles. The theoretical maximum pipe velocity for several different orifice sizes, for a
given set of flow parameters, is shown in the chart of FIG. 6 as the "maximum speed", occurring at "radial position" =
O, or the center of the pipe. Another measure of effectiveness is the measured maximum velocity within the smallest-
diameter portion of the chamber, as measured with an instrument capable of measuring flow velocities at a point without
substantially disturbing the flow field.
[0041] The theoretical maximum jet velocity in the axisymmetric jet extending from the chamber inlet port 75, as a
function of the distance x from the chamber inlet port 75, is:

where νgas is the kinematic viscosity of the process fluid, and the velocity Umax jet is a theoretical maximum jet velocity
in center of the flow profile of the jet. This is a "far field" approximation of the centerline axisymmetric jet flow velocity
valid only for points outside of the chamber, some distance from the orifice. It is assumed that the velocity in the jet is
no greater than the theoretical maximum pipe velocity, i.e., that the flow behaves as a pipe flow until it reaches a
distance x* such that Umax jet(x*) calculated according to equation (2) is equal to Upipe max calculated according to
equation (1) and that at x*, ro in equation (2) (the radius of the jet) is the chamber radius at the chamber inlet port. The
theoretical maximum jet velocity can be calculated for a given set of parameters as another measure of the effectiveness
of the jet flow in repelling particles.
[0042] Both in the chamber and in the jet, the drag force Drag(x) on a spherical silica particle as it moves through
the flow of process fluid along the center line of the flow , can be expressed as a function of the coordinate x along the
fiber axis. First, the Reynolds number Re(x) and the coefficient of drag Cd(x) on the particle at the centerline of the jet
are expressed as a function of x:

Upipe/max = 2
π
---·Q· 1
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2
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In any portion of the chamber, Umax is Upipe max, calculated in accordance with equation (1) for the chamber diameter
at that point along the chamber. In any portion of the jet, Umax is U max jet calculated in accordance with equation (2).
The drag force on the particle due to the flowing process fluid as a function of x is:

Having defined the forces acting on the silica particle as it travels through the process fluid flow, Newton's second law
may be applied to the system in order to determine the change in velocity ∆V over a given distance from x1 to x2 for a
given drag force function Drag(x):

[0043] Approximating ∆V over the entire jet, i.e. from x = XL, a distance from the inlet port 75 at which the drag force
due to the jet is considered negligible, to x=o, at the inlet port, a change in velocity over the jet ∆Vjet can be expressed:

∆Vjet is also an estimate of the maximum particle velocity stopped by the jet before entering the chamber inlet port.
[0044] Using a discretized estimate of the above integral of the force F(x) on the particle, several useful parameters
for describing the motion of a particle within the chamber 53 may be estimated. Further simplifying by neglecting particle
weight, which is considered negligible by comparison to drag for particle velocities over 5 meters per second, the
relationship between the distance ∆x within the chamber and the change in particle velocity ∆Vpipe over the distance
∆x can be expressed as a function of the relative velocity Vgas of the particle in the process fluid:

wherein ρpart and ρgas are the densities of the particle and the process fluid, respectively, R is the particle radius, Vgas

Cd(x) = 24
Re(x)
--------------- + 6

(1+ Re(x))
------------------------------- + 0.4 (4)

Drag(x) = 1
2
---·ρgas·Umax(x)2·π·R2·Cd(x) (5)

F = m·a

F = Drag(x) - Weight

a = dV
dt
-------

V = dx
dt
------

∫VdV = ∫ F
m
-----dx

∆x =
ρpart

ρgas
-----------·4

3
---· R

Cd
-------·

∆Vpipe( )2

Vgas( )2
------------------------ (8)
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is the velocity of the process fluid flow at the beginning of ∆x, and Cd is the coefficient of drag at the centerline of the
pipeflow. Rearranging to find the maximum particle velocity that can be stopped in a given distance ∆x :

Where the chamber has different radii R over different portions of its length x, the expressions for ∆x and ∆V can be
applied separately over each portion of the chamber. The simplifications made in these expressions result in an un-
derprediction of the drag force; therefore, the change in velocity is lower than the actual value, and the distance ∆x
required to produce a given change in velocity is more than the actual value.
[0045] The maximum initial particle velocity ∆Vpart which can be stopped by the process gas flow before reaching
the coating fluid reservoir is equal to the sum of ∆V in the chamber and in the jet, i.e.,

in which Σ∆Vpipe is ∆Vpipe as evaluated over the entire chamber, from the point of introduction of the process fluid to
the chamber inlet port. For any given process fluid flow in the chamber and in the jet, and for a given particle radius
and density, the value of ∆Vpart is calculable according to the foregoing equations. Σ∆Vpipe increases with the length
of the chamber carrying the process gas flow, i.e., from gas inlet ports 55 to chamber inlet port 75 in the embodiment
of FIG. 1. ∆Vpart decreases with increasing particle radius and with increasing particle density. If ∆Vpart is greater than
the incoming fiber velocity, then particles of the given radius and density, entrained in the fiber boundary layer, will be
stopped before reaching the reservoir. Preferably, ∆Vpart is greater than the fiber velocity for a particle having the density
of silica and a diameter of 50 microns or more. More preferably, ∆Vpart is greater than the fiber velocity for even larger
particles having the density of silica, such as 100 microns or more. In an even more conservative design approach,
∆Vjet or Σ∆Vpipe may be greater than the fiber velocity.
[0046] FIG. 5 is a graphical representation of the calculated distances required to stop a 50 micron diameter silicon
particle traveling in a constant velocity carbon dioxide flow in the chamber as a function of the flow velocity. Particle
weight is neglected. Curves A, B, and C represent initial particle velocities of 10m/s, 20 m/s and 30 m/s, respectively.
It may readily be seen by this chart that flow speed has a strong effect on the stopping distance of particles. Moreover,
increasing the flow speed greatly decreases the difference in stopping distances between particles having various
initial velocities. For example, at a 3 meter per second flow velocity (Upipe max), there is a difference of approximately
1.75 meters between the stopping distances of a particle having an initial velocity of 10 meters per second and a
particle having an initial velocity of 30 meters per second. At a flow velocity of 6 meters per second, that differential
between stopping distances is reduced to less than 0.65 meters. The chart demonstrates the ability of a jet having a
high flow speed to stop particles having a wide range of initial velocities.
[0047] Equations (8) and (9) defining the maximum inbound particle velocity ∆Vpipe that can be stopped in ∆x may
be used to predict the effectiveness of various minimum chamber diameters and process fluid flow rates. For example,
at a fluid flow rate Q of 6 liters per minute and a required stopping distance ∆x of 2 centimeters, a chamber diameter
of 2.5 mm (0.100 inches) produces a process fluid flow which is capable of stopping a 50 micron particle initially traveling
at 22.9 meters per second. In contrast, under the same conditions, a bore of 4.3 mm (0.170 inches) with the same
process fluid flow rate produces a jet capable of stopping a particle with a maximum initial speed of only 9.5 meters
per second. Larger diameter bores have still less stopping ability. Conversely, apparatus according to the preferred
embodiments of the invention can provide relatively high-velocity fluid flow around the fiber for a given mass flow rate.
Curves D, E, and F of FIG. 6 show the theoretical velocity profiles for carbon dioxide flowing at 6 SLPM through
chambers having diameters of 2.5mm, 3.0mm, and 4.3mm (0.100 inch, 0.120 inch and 0.170 inch), respectfully. Thus,
it can be seen that apparatus having a maximum chamber diameter of about 2.5 mm (0.100 inches) can provide a
theoretical maximum pipe velocity of about 39 meters per second with a fluid flow rate of 6 standard liters per minute.
[0048] Another result which is apparent frcm equations (8) and (9) is that the pipe flow region of the chamber carrying
the process fluid (from the point where the fluid enters the chamber to the chamber inlet port) should be longer than
∆x for the maximum expected particle size moving at the fiber velocity.
[0049] In addition to the increased particle-stopping capability of a jet formed by a small minimum chamber diameter,
the small diameter also provides passive protection against the entry of particles by providing a reduced target area.
For example, a 0.100 inch diameter chamber provides a target area of only 35% of a 0.170 inch diameter chamber.
[0050] By designing the chamber inlet port 75 to maximize process fluid exit velocity at the chamber inlet port, while
still providing sufficient clearance for fiber alignment, substantially all ambient particulate contaminants in a typical

∆Vpipe =
ρgas

ρpart
-----------·3

4
---·

Cd

R
-------· Vgas( )2·∆x (9)

∆Vpart = ∆Vjet + Σ∆Vpipe (10)
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draw environment may be kept out of the die holder assembly. The chamber inlet port of the invention establishes a
strong upward jet emanating from the chamber inlet port to reject particles moving downward at fiber speed, trapped
in the fiber boundary layer.
[0051] In contrast, previous die holder assemblies were not designed to take advantage of the ex:.ting process fluid
to prevent particles from entering the die holder. For example, one existing die holder assembly has a chamber diameter
above the process fluid inlets of approximately 0.500 inches. That design produces a relatively slow maximum process
fluid speed of about 1.01 meters per second, which could easily be disturbed by ambient air currents in the draw
environment. That flow only provides protection against particles mcving downward at a maximum of 1.45 meters/
second. Particles traveling at typical fiber draw speeds would not be repelled by that process fluid flow.
[0052] Other embodiments of the above-described method and apparatus will be apparent to those skilled in the art.
For example, the chamber 53 may extend from another point remote from the guide die, between the guide die 51 and
the end of the guide die holder 50, in which case a fiber clearance hole (not shown) connects the chamber 53 with the
guide die orifice 60. Further, while the chamber 53 is shown in FIG. 1 to be uniformly cylindrical throughout its length,
other shapes may be used and still practice the invention. For example, the chamber 53 may have a conical form, with
the small end of the cone near the guide die end of the guide die holder. Other surfaces of rotation, as well as prismatic
shapes, may also be used.
[0053] The die holder assembly periodically needs to be cleaned and then inspected by observation through a mi-
croscope. The embodiment of FIG. 7 facilitates the inspection procedure. Die holder assembly 210 includes a sizing
die holder 220 in which is mounted a sizing die 221, a guide die holder 250 in which is mounted a guide die 251, and
a die cap 270. That portion of assembly 210 between the bottom surface 254 of guide die holder 250 and the bottom
surface of sizing die 221 is essentially the same as assembly 10 of FIG. 1.
[0054] Guide die holder 250 is a generally cylindrical member having an outer surface 258 sized for a precision slip
fit in the central bore 225 of the sizing die holder; it has a head 256 that rests on the top surface 235 of the sizing die
holder when the die holders are assembled. A bore 253 extends from the guide die 251 to the top of head 256. Guide
die holder 250 has an inner process fluid groove 254a on its outer surface 258 aligned with the outer process fluid
bores 232 in the sizing die holder 220. Bores 232 communicate between the groove 231 and the central bore 225 of
the sizing die holder. Inner process fluid bores 255 are formed in the guide die holder, connecting the inner process
fluid groove 254a with the bore 253. In a manner similar to that shown in FIG. 2, the guide die holder and sizing die
holder are assembled with a rotational orientation such that the inner and outer process fluid bores are not aligned.
[0055] Die cap 270 captures the head 256 of guide die holder 250 between die cap inner shoulder 272 and top
surface 235 of sizing die holder 220. Cap 270 includes a centrally located protrusion 280 that extends axially down-
wardly from inner shoulder 272. The lower end 282 of protrusion 280 is located a distance from the top of guide die
251 that is sufficient to enable the process fluid to flow around it in an unrestricted fashion. The bottom portion of
protrusion 280 has a region 284 of narrowed diameter that is aligned with bores 255 to provide an annular region 286
into which process fluid from bores 255 can flow.
[0056] Die cap 270 has a central bore 273 that is aligned with the guide and sizing die orifices, such that all of these
elements are coaxial with fiber axis 312. A lead-in chamfer 257 at the upper end of bore 273 facilitates optical fiber
threading.
[0057] Assembly 210 is disassembled to clean the dies. After the cleaning process is completed, guide die 251 can
easily be inspected through the relatively large diameter bore 253. Process fluids other than carbon dioxide, such as
nitrogen, the Group VIII or so-called noble gases, e.g., xenon neon, argon and the like, and chemically inert halocarbons
gases or vapors thereof, such as chloroform, Freon® halocarbons, or other chlorine- or fluorine-substituted hydrocar-
bons, may be substituted. In addition, a process liquid that is compatible with the coating material may be used as a
process fluid. The greater density of the liquid make it advantageous in stopping particulate contaminants.
[0058] Although the invention herein has been described with reference to particular embodiments, it is to be under-
stood that these embodiments are merely illustrative of the principles and applications of the present invention. It is
therefore to be understood that numerous modifications may be made to the illustrative embodiments and that other
arrangements may be devised without departing from the scope of the present invention as set forth in the appended
claims.

Claims

1. A method for applying a coating to an optical fiber (111), comprising:

passing the optical fiber through a reservoir (66) of a coating die assembly, the reservoir containing a coating
liquid, so that the coating of the liquid adheres to the fiber passed out of the reservoir; and
applying a flow of a process fluid into said coating die assembly so that the fluid flows along the incoming fiber
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(111) in a direction opposite to the direction of movement of the fiber,
the coating die assembly further comprising a chamber (53, 273) having a minimum diameter of less than
about 4.6 mm (0.180 inches), through which the fiber (111) passes prior to entry into the reservoir (66), and
in that the lowing process fluid has a measured maximum velocity of at least 1.5 meters per second near the
fiber, whereby said flowing fluid will impede entry of particles into said coating die assembly.

2. The method of claim 1, wherein the theoretical maximum velocity of the flowing process fluid is at least 10 meters
per second.

3. The method of claim 1, wherein the theoretical maximum velocity of the flowing process fluid is at least 27 meters
per second.

4. The method of claim 1, wherein the theoretical maximum velocity of the flowing process fluid is at least 35 meters
per second.

5. The method of any preceding claim, wherein the step of passing the optical fiber (111) into the reservoir (66) is
performed by passing the optical fiber through a chamber inlet port (75) into the chamber (53, 273) and passing
the fiber from the chamber into said reservoir, and then through said reservoir to a fiber outlet, and wherein the
step of applying a flow of a process fluid includes the step of pressurizing the chamber with the process fluid so
that the process fluid is vente away from the reservoir and through the chamber inlet port.

6. The method as claimed in claim 5, wherein said step of venting fluid includes the step of maintaining process fluid
flow within the chamber (53, 273) in a direction opposite to the direction of movement of the fiber (111), from a
location between the reservoir (66) and the chamber inlet port (75) to the chamber inlet port (75), so that the
process fluid has a theoretical maximum velocity of at least 1.5 meters per second within the chamber (53, 273).

7. The method of claim 5 or 6, wherein said process fluid is vented at a rate of less than 10 standard liters per minute.

8. The method of claim 5 or 6, wherein said process fluid is vented at a rate of approximately 6 standard liters per
minute.

9. The method of any preceding claim, wherein the maximum velocity of a particle having density of 2.1 gm/cm3 and
a diameter of 50 microns which can be stopped by said process fluid flow before reaching said reservoir (66) is
greater than the velocity of the fiber (111) towards said reservoir.

10. The method of claim 1, wherein the said chamber (53, 273) has a minimum diameter of about 2.5mm (0.100 inches)
or less.

11. The method of claim 10, wherein the step of passing the optical fiber (111) includes the step of passing the optical
fiber through a chamber inlet port (75) adjacent one end of the chamber (53, 273) and wherein the diameter of the
chamber inlet port is less than the minimum diameter of the chamber.

12. The method of claim 10, wherein the step of applying a flow of a process fluid comprises the step of delivering the
process fluid at a flow rate of about 6 liters per minute to create a fluid flow capable of impeding particles about
50 µm or larger traveling at speeds of about 22.9 meters per second or greater.

13. The method of any preceding claim, wherein the theoretical maximum velocity of the flowing process fluid is about
39 meters per second or less.

14. An apparatus for applying a coating to an optical fiber (111) comprising:

(a) a die holder (10, 210) having an inlet end and an outlet end;
(b) a sizing die (21, 221) adjacent the outlet end of the lie holder, said sizing die defining a sizing die orifice (22);
(c) a guide die (51, 251) disposed between the sizing die and the inlet end of the die holder, said guide die
defining a guide die orifice (60), the guide die orifice and sizing die orifice being generally coaxial with one
another on a fiber axis (112, 312) , the sizing and guide dies and the die holder defining a liquid reservoir (66)
between the sizing and guide dies for containing a coating liquid;
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means defining a chamber (53, 273) surrounding the fiber axis between the guide die and the inlet end of
the die holder, said chamber having a minimum diameter of less than 4.6mm (0.180 inches) at a location along
said fiber axis;

a process fluid port (32, 55; 232, 255) communicating with the chamber between said guide die and said
location, whereby a fiber (111) can be moved along the fiber axis (112, 312) through the chamber (53, 273) and
through the reservoir (66) and a process fluid may be admitted to the chamber and pass from the chamber away
from the liquid reservoir around the fiber at said location.

15. The apparatus of claim 14, wherein said minimum diameter is about 2.5mm (0.100 inches) or less.

16. The apparatus of claim 14 or 15, wherein said chamber (53, 273) has a diameter of less than 5mm (0.200 inches)
for a length of at least 10mm (0.400 inches).

17. The apparatus of claim 14, 15 or 16, wherein said chamber (53, 273) is at least partially defined by a bore through
said die holder.

18. The apparatus of claim 17, wherein said process fluid port is defined by at least one bore (32, 55; 232, 255) in
said die holder.

19. The apparatus of claim 17 or 18, wherein said die holder further comprises a die cap (70, 270) at the inlet end of
the die holder, and wherein said chamber (53, 273) further comprises an orifice (73) in said die cap.

20. The apparatus of claim 14, 15 or 16, wherein said die cap (270) comprises a protrusion (280) that extends toward
said guide die (251), and wherein said chamber (273) is defined by a bore through said protrusion.

21. The apparatus of claim 20, wherein that portion (284) of said protrusion (280) adjacent said guide die (251) has a
diameter smaller than that portion of said protrusion that is remote from said guide die.

22. The apparatus of claim 14, 15 or 16, wherein the die holder comprises a sizing die holder (20, 220) for retaining
the sizing die (21, 221), a guide die holder (50, 250) for retaining the guide die and a die cap at said inlet end for
connecting the sizing die holder to the guide die holder.

23. The apparatus of any of claims 14 to 22, wherein said minimum diameter is less than about 3.8mm (0.150 inches).

24. The apparatus of any one of claims 14 to 23, wherein said chamber (53, 273) has a maximum diameter of less
than 5mm (0.200 inches).

25. The apparatus of any one of claims 14 to 24, wherein said chamber (53, 273) has a maximum diameter of less
than 5mm (0.200 inches) for a length of at least 10mm (0.400 inches).

26. The apparatus of any one of claims 14 to 25, wherein the process fluid is a gas that inhibits bubble formation.

Patentansprüche

1. Verfahren zum Beschichten einer optischen Faser (111), mit folgenden Schritten:

Führen der optischen Faser durch einen Behälter (66) einer Beschichtungsformanordnung, wobei der Behälter
eine Beschichtungsflüssigkeit enthält, so dass die Flüssigkeitsbeschichtung an der aus dem Behälter heraus-
geführten Faser haftet; und
Anlegen eines Stromes einer Fertigungsflüssigkeit in die Beschichtungsformanordnung derart, dass die Flüs-
sigkeit entlang der hineingeführten Faser (111) in zur Bewegungsrichtung der Faser entgegengesetzter Rich-
tung strömt; wobei die Beschichtungsformanordnung ferner eine Kammer (53, 273) mit einem minimalen
Durchmesser, der kleiner als 4,6 mm (0,180 inches) ist, aufweist, durch welche die Faser (111) vor dem Eintritt
in den Behälter (66) hindurchtritt; und
wobei die strömende Fertigungsflüssigkeit eire gemessene Maximalgeschwindigkeit von mindestens 1,5 m/s
nahe der Faser besitzt, wodurch die strömende Flüssigkeit den Eintritt von Teilchen in die Beschichtungsfor-
manordnung verhindert.
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2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die theoretische Maximalgeschwindigkeit der strö-
menden Fertigungsflüssigkeit mindestens 10 m/s beträgt.

3. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die theoretische Maximalgeschwindigkeit der strö-
menden Fertigungsflüssigkeit mindestens 27 m/s beträgt.

4. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die theoretische Maximalgeschwindigkeit der strö-
menden Fertigungsflüssigkeit mindestens 35 m/s beträgt.

5. Verfahren nach einem der vorhergehenden Ansprüche, dadurch gekennzeichnet, dass das Führen der optischen
Faser (111) in den Behälter (66) durch ein Führen der optischen Faser durch eine Kammereinlassöffnung (75) in
die Kammer (53, 273) und durch ein Führen der Faser von der Kammer in den Behälter und dann durch den
Behälter zu einen. Faserausgang ausgeführt wird, und dass das Anlegen eines Stromes einer Fertigungsflüssig-
keit ein unter Druck setzen der Kammer mit der Fertigungsflüssigkeit derart beinhaltet, dass die Fertigungsflüs-
sigkeit von dem Behälter und durch die Kammereinlassöffnung abgeleitet wird.

6. Verfahren nach Anspruch 5, dadurch gekennzeichnet, dass das Ableiten der Flüssigkeit das Aufrechterhalten
des Fertigungsflüssigkeitstromes in der Kammer (53, 273) in einer zur Bewegungsrichtung der Faser (111) ent-
gegengesetzten Richtung beinhaltet, namlich von einer Stelle zwischen dem Behälter (66) und der Kammerein-
lassöffnung (75) zu der Kammereinlassöffnung (75) hin, so dass die Fertigungsflüssigkeit eine theoretische Ma-
ximalgeschwindigkeit von mindestens 1,5 m/s innerhalb der Kammer (53, 273) aufweist.

7. Verfahren nach einem der Ansprüche 5 oder 6, dadurch gekennzeichnet, dass die Fertigungsflüssigkeit mit einer
Rate von weniger als 10 Standardliter pro Minute abgeleitet wird.

8. Verfahren nach einem der Ansprüche 5 oder 6, dadurch gekennzeichnet, dass die Fertigungsflüssigkeit mit einer
Rate von ungefähr 6 Standardliter pro Minute abgeleitet wird.

9. Verfahren nach einem der vorhergehenden Ansprüche, dadurch gekennzeichnet, dass die Maximalgeschwin-
digkeit eines Teilchens mit einer Dichte von 2,1 gm/cm3 und einem Durchmesser von 50 µm, welches durch den
Fertigungsflüssigkeitstrom vor einem Erreichen des Behälters (66) aufgehalten wird, größer als die Geschwindig-
keit der Faser (111) in Richtung des Behälters ist.

10. Verfahren nach Anspruch 1, dadurch gekennzeichnet, dass die Kammer (53, 273) höchstens einen minimalen
Durchmesser von etwa 2,5 mm (0,100 inches) besitzt.

11. Verfahren nach Anspruch 10, dadurch gekennzeichnet, dass das Führen der optischen Faser (111) ein Führen
der optischen Faser durch eine Kammereinlassöffnung (75) hindurch beinhaltet, die zu einem Ende der Kammer
(73, 273) benachbart ist, und wobei der Durchmesser der Kammereinlassöffnung kleiner als der minimale Durch-
messer der Kammer ist.

12. Verfahren nach Anspruch 10, dadurch gekennzeichnet, dass das Anlegen eines Stromes einer Fertigungsflüs-
sigkeit ein Liefern der Fertigungsflüssigkeit mit einer Strömungsrate von etwa 6 Liter pro Minute zum Herstellen
eines Flüssigkeitsstromes beinhaltet, der Teilchen die mindestens ungefähr 50 um groß sind und die sich mit
mindestens einer Geschwindigkeit von etwa 22,9 m/s bewegen, aufhält.

13. Verfahren nach einem der vorhergehenden Ansprüche, dadurch gekennzeichnet, dass die theoretische Maxi-
malgeschwindigkeit der strömenden Fertigungsflüssigkeit höchstens in etwa 39 m/s beträgt.

14. Vorrichtung zum Beschichten einer optischen Faser (111) mit:

(a) einer Formhalterung (10, 210), die ein Einlass- und ein Auslassende aufweist;
(b) einer Dimensionierungsform (21, 221), die benachbart zu dem Auslassende der Formhalterung ist, wobei
die Dimensionierungsform eine Dimensionierungsformöffnung (22) bestimmt;
(c) einer Führungsform (51, 251), die zwischer der Dimensionierungsform und dem Einlassende der Form-
halterung angeordnet ist, wobei die Führungsform eine Führungsformöffnung (60) bestimmt, wobei die Füh-
rungsformöffnung und die Dimensionierungsformöffnung im allgemeinen koaxial zueinander auf einer Faser-
achse (112, 312) angeordnet sind, wobei die Dimensionierungs- und Führungsformen und die Formhalterung



EP 0 803 482 B1

5

10

15

20

25

30

35

40

45

50

55

14

einen Flüssigkeitsbehälter (66) zwischen den Dimensionierungs- und Führungsformen zum Aufnehmen einer
Beschichtungsflüssigkeit bestimmen; Einrichtungen zum Bilden einer Kammer (53, 273),

welche die Faserachse zwischen der Führungsform und dem Einlassende der Formhalterung umgibt, wobei die
Kammer einen minimalen Durchmesser besitzt, der kleiner als 4,6 mm (0,180 inches) an einer Stelle entlang der
Faserachse ist; und mit

einem Fertigungsflüssigkeitseingang (32, 55; 232, 255), der mit der Kammer zwischen der Führungsform
und dieser Stelle verbunden ist, wodurch eine Faser (111) entlang der Faserachse (112, 312) durch die Kammer
(53, 273) und durch den Behälter (66) hindurch bewegbar ist, und wodurch eine Fertigungsflüssigkeit der Kammer
zugegeben werden und von der Kammer von dem ersten Flüssigkeitsbehälter weg um die Faser herum ar dieser
Stelle fließen kann.

15. Vorrichtung nach Anspruch 14, dadurch gekennzeichnet, dass der minimale Durchmesser höchstens ungefähr
2,5 mm (0,100 inches) beträgt.

16. Vorrichtung nach einem der Ansprüche 14 oder 15, dadurch gekennzeichnet, dass die Kammer (53, 273) einen
Durchmesser besitzt, der kleiner als 5 mm (0,200 inches) für eine Länge von mindestens 10 mm (0,400 inches) ist.

17. Verfahren nach einem der Ansprüche 14, 15 oder 16, dadurch gekennzeichnet, dass die Kammer (53, 273)
zumindest teilweise durch eine Bohrung durch die Formhalterung bestimmt ist.

18. Vorrichtung nach Anspruch 17, dadurch gekennzeichnet, dass der Fertigungsflüssigkeitseinlass durch minde-
stens eine Bohrung (32, 55; 232, 255) in der Formhalterung bestimmt ist.

19. Vorrichtung nach einem der Ansprüche 17 oder 18, dadurch gekennzeichnet, dass die Formhalterung ferner
eine Formkappe(70, 270) an dem Einlassende der Formhalterung aufweist, und dass die Kammer (53, 253) ferner
eine Öffnung (73) in der Formkappe besitzt.

20. Vorrichtung nach einem der Ansprüche 14, 15 oder 16, dadurch gekennzeichnet, dass eine Formkappe 270)
einen Vorsprung (280) aufweist, der sich in Richtung der Führungsform (251) erstreckt, und dass die Kammer
(273) durch eine Bohrung durch diesen Vorsprung bestimmt ist.

21. Vorrichtung nach Anspruch 20, dadurch gekennzeichnet, dass der zu der Führungsform (251) benachbarte
Abschnitt (284) des Vorsprungs (280) einen Durchmesser besitzt, der kleiner ist als der Abschnitt des Vorsprungs,
der von der Führungsform entfernt ist.

22. Vorrichtung nach einem der Ansprüche 14, 15 oder 16, dadurch gekennzeichnet, dass die Formhalterurg eine
Dimensionierungsformhalterung (20, 220) zum Halten der Dimensionierungsform (21, 221), eine Führungsform-
halterung (50, 250) zum Halten der Führungsform und eire Formkappe an dem Einlassende zum Verbinden der
Dimensicnierungsformhalterung mit der Führungsformhalterung aufweist.

23. Vorrichtung nach einem der Ansprüche 14 bis 22, dadurch gekennzeichnet, dass der minimale Durchmesser
kleiner als etwa 3,8 mm (0,150 inches) ist.

24. Vorrichtung nach einem der Ansprüche 14 bis 23, dadurch gekennzeichnet, dass die Kammer (53, 273) einen
maximalen Durchmesser besitzt, der kleiner als 5 mm (0,200 inches) ist.

25. Vorrichtung nach einem der Ansprüche 14 bis 24, dadurch gekennzeichnet, dass die Kammer (53, 273) einen
maximalen Durchmesser besitzt, der kleiner als 5 mm (0,200 inches) für eine Länge von mindestens 10 mm (0,400
inches) ist.

26. Vorrichtung nach einem der Ansprüche 14 bis 25, dadurch gekennzeichnet, dass die Fertigungsflüssigkeit ein
Gas ist, das eine Blasenbildung verhindert.

Revendications

1. Un procédé pour appliquer un revêtement à une fibre optique (111), comprenant les opérations consistant :
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à faire passer la fibre optique à travers un réservoir (66) d'un ensemble de filière de revêtement, le réservoir
renfermant un liquide de revêtement, de sorte que le revêtement de liquide adhère à la fibre quittant le réservoir;
et
à appliquer un écoulement d'un fluide de traitement dans ledit ensemble de filière de revêtement de sorte que
le fluide circule le long de la fibre entrante (111) dans une direction opposée à la direction de déplacement de
la fibre,
l'ensemble de filière de revêtement comprenant en outre une chambre (53, 273) ayant un diamètre minimum
de moins d'environ 4,6 mm (0,18 pouce), que la fibre (111) traverse avant de pénétrer dans le réservoir (66),
et en ce que le fluide de traitement en circulation présente une vitesse maximum mesurée d'au moins 1,5
mètre par seconde près de la fibre, ce grâce à quoi ledit fluide en circulation s'opposera à l'entrée de particules
dans ledit ensemble de filière de revêtement.

2. Le procédé de la revendication 1, dans lequel la vitesse maximum théorique du fluide de traitement en circulation
est d'au moins 10 mètres par seconde.

3. Le procédé de la revendication 1, dans lequel la vitesse maximum théorique du fluide de traitement en circulation
est d'au moins 27 mètres par seconde.

4. Le procédé de la revendication 1, dans lequel la vitesse maximum théorique du fluide de traitement en circulation
est d'au moins 35 mètres par seconde.

5. Le procédé de l'une quelconque des revendications précédentes, dans lequel l'opération de passage de la fibre
optique (111) dans le réservoir (66) est réalisée en faisant pénétrer la fibre optique dans la chambre (53, 273) par
un orifice d'entrée de chambre (75) et en faisant passer la fibre de la chambre dans ledit réservoir, puis en lui
faisant traverser la chambre pour gagner une sortie de fibre, et dans lequel l'opération d'application d'un écoule-
ment d'une fluide de traitement comprend l'opération de mise sous pression de la chambre avec le fluide de
traitement de sorte que le fluide de traitement s'évacue du réservoir en traversant l'orifice d'entrée de chambre.

6. Le procédé de la revendication 5, dans lequel ladite opération d'évacuation de fluide comprend l'opération d'en-
tretien de l'écoulement de fluide de traitement à l'intérieur de la chambre (53, 273) dans une direction opposée à
la direction de déplacement de la fibre (111), d'un endroit situé entre le réservoir (66) et l'orifice d'entrée de chambre
(75) jusqu'à l'orifice d'entrée de chambre (75), de sorte que le fluide de traitement présente une vitesse maximum
théorique d'au moins 1,5 mètre par seconde à l'intérieur de la chambre (53, 273).

7. Le procédé de la revendication 5 ou 6, dans lequel ledit fluide de traitement est évacué sous un débit d'au moins
10 litres normaux par minute.

8. Le procédé de la revendication 5 ou 6, dans lequel ledit fluide de traitement est évacué sous un débit d'environ 6
litres normaux par minute.

9. Le procédé de l'une quelconque des revendications précédentes, dans lequel la vitesse maximum d'une particule
ayant une masse volumique de 2,1 g/cm3 et un diamètre de 50 micromètres qui peut être arrêtée par ledit écou-
lement de fluide de traitement avant d'atteindre ledit réservoir (66) est supérieure à la vitesse à laquelle la fibre
(111) se dirige vers ledit réservoir.

10. Le procédé de la revendication 1, dans lequel ladite chambre (53, 273) présente un diamètre minimum inférieur
ou égal à environ 2,5 mm (0,1 pouce).

11. Le procédé de la revendication 10, dans lequel l'opération de passage de la fibre optique (111) comprend l'opération
consistant à faire traverser à la fibre optique un orifice d'entrée de chambre (75) adjacent à l'une des extrémités
de la chambre (53, 273) et dans lequel le diamètre de l'orifice d'entrée de chambre est inférieur au diamètre
minimum de la chambre.

12. Le procédé de la revendication 10, dans lequel l'opération d'application d'un écoulement d'un fluide de traitement
comprend l'opération de délivrance du fluide de traitement sous un débit d'environ 6 litres par minute à l'effet de
créer un écoulement de fluide capable de faire obstacle aux particules de grosseur supérieure ou égale à environ
50 µm en déplacement à des vitesses d'environ 22,9 mètres par seconde ou plus.
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13. Le procédé de l'une quelconque des revendications précédentes, dans lequel la vitesse maximum théorique du
fluide de traitement en écoulement est d'environ 39 mètres par seconde ou moins.

14. Un appareil pour appliquer un revêtement à une fibre optique (111), comprenant :

(a) un porte-filière (10, 210) présentant une extrémité d'entrée et une extrémité de sortie;
(b) une filière de calibrage (21, 221) adjacente à l'extrémité de sortie du porte-filière, ladite filière de calibrage
définissant un orifice de filière de calibrage (22) ;
(c) une filière de guidage (51, 251) disposée entre la filière de calibrage et l'extrémité d'entrée du porte-filière,
ladite filière de guidage définissant un orifice de filière de guidage (60), l'orifice de filière de guidage et l'orifice
de filière de calibrage étant globalement coaxiaux l'un par rapport à l'autre sur un axe de fibre (112, 312), les
filières de calibrage et de guidage et le porte-filière définissant un réservoir de liquide (66) entre les filières
de calibrage et de guidage pour contenir un liquide de revêtement ;

des moyens délimitant une chambre (53, 273) entourant l'axe de la fibre entre la filière de guidage et l'ex-
trémité d'entrée du porte-filière, ladite chambre présentant un diamètre minimum de moins de 4,6 mm (0,18 pouce)
en un emplacement le long dudit axe de fibre ;

un orifice de fluide de traitement (32, 55; 232, 255) communicant avec la chambre entre ladite filière de
guidage et ledit emplacement, pour permettre ainsi à une fibre (111) d'être mue le long de l'axe de fibre (112, 312)
à travers la chambre (53, 273) et à travers le réservoir (66) et à un fluide de traitement d'être admis dans la chambre
et de quitter la chambre du côté opposé au réservoir de liquide en entourant la fibre audit emplacement.

15. L'appareil de la revendication 14, dans lequel ledit diamètre minimum est d'environ 2,5 mm (0,1 pouce) ou moins.

16. L'appareil de la revendication 14 ou 15, dans lequel ladite chambre (53, 273) présente un diamètre de moins de
5 mm (0,2 pouce) sur une longueur d'au moins 10 mm (0,4 pouce).

17. L'appareil de la revendication 14, 15 ou 16, dans lequel ladite chambre (53, 273) est délimitée au moins partiel-
lement par un alésage traversant ledit porte-filière.

18. L'appareil de la revendication 17, dans lequel ledit orifice de fluide de traitement est délimité par au moins un
alésage (32, 55; 232, 255) ménagé dans ledit porte-filière.

19. L'appareil de la revendication 17 ou 18, dans lequel ledit porte-filière comprend en outre un chapeau de filière (70,
270) à l'extrémité d'entrée du porte-filière, et dans lequel ladite chambre (53, 273) comprend en outre un orifice
(73) ménagé dans ledit chapeau de filière.

20. L'appareil de la revendication 14, 15 ou 16, dans lequel ledit chapeau de filière (270) comprend une saillie (280)
qui s'avance vers ladite filière de guidage (251), et dans lequel ladite chambre (273) est délimitée par un alésage
traversant ladite saillie.

21. L'appareil de la revendication 20, dans lequel la portion (284) de ladite saillie (280) qui est adjacente à ladite filière
de guidage (251) présente un diamètre plus petit que la portion de ladite saillie qui est située du côté de celle-ci
le plus éloigné de ladite filière de guidage.

22. L'appareil de la revendication 14, 15 ou 16, dans lequel le porte-filière comprend un porte-filière de calibrage (21,
221) destiné à retenir la filière de calibrage (21, 221), un porte-filière de guidage (50, 250) destiné à retenir la filière
de guidage et un chapeau de filière à ladite extrémité d'entrée destiné à relier le porte-filière de calibrage au porte-
filière de guidage.

23. L'appareil de l'une quelconque des revendications 14 à 22, dans lequel ledit diamètre minimum est inférieur à
environ 3,8 mm (0,15 pouce).

24. L'appareil de l'une quelconque des revendications 14 à 23, dans lequel ladite chambre (53, 273) présente un
diamètre maximum de moins d'environ 5 mm (0,2 pouce).

25. L'appareil de l'une quelconque des revendications 14 à 24, dans lequel ladite chambre (53, 273) présente un
diamètre maximum de moins d'environ 5 mm (0,2 pouce) sur une longueur d'au moins 10 mm (0,4 pouce).
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26. L'appareil de l'une quelconque des revendications 14 à 25, dans lequel le fluide de traitement est un gaz qui
s'oppose à la formation de bulles.
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